A method is described which uses L X-ray counting, rather than a-counting, for studies of the metabolism of certain actinide elements in mice. To demonstrate the effectiveness of this lllethod, mice were injected with citrated 243 Am and two separate llletabolic patterns were deterlllined based on data obtained frolll two different photopeaks: .one was from the L X-rays and the other frOlll the 74 keY '{-ray. The resuits were comparable, and indicate L X-ray counting will be useful in studie s of actinide elements that do not elllit abundant '{ -rays, ", <'This work was done under the auspices of the U. S. Atomic Energy COlllmis sion.
INTRODUCTION
Until recently only a few of the actinide elements were used in industry or laboratories. However, newfound practical applications and increasing studies of the actinides have brought these elements into more common usage: As a result, a greater potential exists for accidentill human exposure to these nuclides. Because the a-emitting transuranic elements are the most toxic radionuclides available to man, it becomes essential that we predict their metabolic behavior in man.
Several programs have been designed to study the metabolism of the actinides in selected animal species from which, hopefully, we can extrapolate the results to man. The study of actinide metabolism in mice (1) is 'an integral part of our comparative investigation of the metabolism of these elements.
Some of the more important actinides (2) do not emit abundant yrays, (3) and so study of their metabolic patterns require's laborious, time-consuming, a-counting procedures. (4) In such instances it is desirable to seek methods which will save time and still produce accurate results. Measurement of the L X-rays is such an alternate method that . 253 2 4 3 ' we have' used succes sfully to study the metabohsm of Es and Am in mice. For rapid asses sment of the results of various therapeutic treatments, this counting method could be particularly useful. This paper desc~ibes the method in detail in. a study of the metabolism of 243 A · . m In mIce.
MATERIALS AND METHODS

Detectipn System
The detection system consisted of two NaI crystals (12-cm dia.
X 3 -mm thick) mounted inside a special, small animal, whole -body -2-counter. The detectors were horizontally opposed, and their separation could be varied from 1 to 430 mm. The signals from the detectors went through a summing amplifier and then into a 400 -channel puIs e -height analyzer~ The digital ~eadout of the spectrum was by standard teletype and punch paper tape, which was processed by a CDC 6600 computer.
The computer program was designed to plot each spectrum and integrate any photopeak that was designated as a regio~ of interest hy the investigator.
In this study all counts were accumulated with the crystals separated a distance of 180 mm and each sample placed at the midpoint of the separation. In this position the counting efficiency is the same for a source of activity whether distribute4 in a O.1-ml or a 30-ml volume. and whole-body counted 5 min after they were injected. Then they were housed in metabolism cages designed for separate collection of urine and feces. The remaining two doses were used to make counting standards: One dose was emptied into a small plastic vial and the volum·e left unchanged; the final dose was injected into a mouse that was allowed to live for 5 min to permit some circulation of the nuclide.
Thereafter, the dead animal was sealed in a plastic vial and maintained
as the whole -body reference standard for this specific experiment.
The animals were counted again at 2-hr postinjection, and then counted on Days 1,2,3,4,7,9,11, and 14.
At various times throughout the experiment each animal was also counted with the semiconductor defector to determine any change in the ratios of the discrete LX-rays. -4-
RESULTS
Whole -bbdy Retention
The retention curves were plotted as true net counts per min (Fig. 2a ) and then as a per cent of the initial dose in the II mpus'e whole ",body standard ll (Fig. 2b) . Thereafter, the attenuation did not change a significant a~6unt, as can be seen from the parallel relationship of the retention curves.
l '
Tissue Distribution
The tissue distribut,ion is more difficult to relate to the whole -body retention due to the differences in attenuation that result from the variation in sample size. To determine the correction factors for losses due , to self-absorption, we diluted O.i-ml samples of activity seriallyby 2 -ml , increments to a maximum volume of 25-ml, and plotted the change in count rate as a function of volume. All tissue samples were normalized u:.. ing this curve and tabulated as a per cent of the initial dose as contained in a O.i":ml volume. Table 1 shows the tissue distribution pattern based on the 74 keY '{ -ray and L X --ray data.
, .. '
The excreta were. normalized in the same manner as the tissues and t1:le amount of activity present in each ~ample correlated with the losses determined by whole-body counting of the animals. The urine-to-fecal
. ratio on Day 1 was about 5:1, but thereafter the radioactive material
. was predominantly excreted in the feces.
DISCUSSION
This experiment required a nuclide which had not only LX-ray emissions similar to that of the more widely used actinides, (5) but also a higher-energy ,(-ray emission that could be used to compare with the L X-ray data. Therefore, it was not acceptable to use 241Am in our study be_callse counts from the 26-:keV '(-ray interfered with the counts from the LX-ray component. We chose 243 Am because it has a 74 keY '( -ray emission and no significant photons which would contribute counts tothe LX-ray photopeak. By obtaining two groups of data, one based on. the L X-rays and one based on the higher-energy ,(-ray, it is possible to define the error due to attenuation in the lower-energy region.
These values agree quite closely with those obtained from the sel£-absOJ;ption curve described in the tis sue section. This curve indicates _that. 25 mlof water absorbs 36 per cent of the ph?tons from the L .X -:rays, which is slightly lower than the 40 per cent absorption obtained from the difference in the two whole -body curves based on the separate photopeaks.
If the whole-body counts are plotted as a per cent of the mouse whole -body standard, the initial losses from self -absorption are corrected, as can be observed in Fig. 2 . A further correction is necessary at Day 1 Although the ITlain purpose of this study was to cOITlpare data ob-" tained froITl the two different photopeaks, it is of interest to note that the whole -body retention and tis sue distribution data based on the 74 keY photopeak were significantly different froITl'the results of an earlier ITlouse study(1) using 241 AITl. To elucidate these differences, it would be neCes sary to use larger groups of aniITlals in order to obtain statistically significant nUITlbers. The L X:"'ray technique is not concerned with the 74 keY photopeak and could not contribute to thls variance. These two factors can explain the minimal degree of attenuation observed in this study.
Because the L X-ray attenuation losses are a function of energy, once they have been determined for a specific system, they should be
and 253'Es. Even app lca e 0 s u les uSIng u, u, m, though these nuclides deposit in different ratios in soft tis sue and bone, the attenuation should not change a significant amount.
CONCLUSIONS
The results of this study have demonstrated that measurement of the L X-rays provides not only a quantitative, but rapid means for studying the metabolism of actinide elements in mice. The rationale for using this method in mice is that the attenuation of the L X -rays by their bones is not great, and it is possible to make corrections for such losses. Although this method does not produce the high degree of accuracy needed in some instances, it does produce quite reasonable results which are adequate for many metabolism studies especially those where enhancement of radionuclide elimination is under investiga-/,' tion.
In a recent study8 of the effect of DTPA on the metabolism of 253 Es in mice, we used the routine a-counting procedures as well as this L Xray counting technique. The results were quite similar and we plan to use L X-ray counting as a routine procedure for more mouse studies.
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